Abstract The initial therapeutic approach to acute ischemic stroke consists of thrombolytic therapy and early initiation of supportive care, usually commenced prior to the determination of the underlying stroke etiology. Varying stroke mechanisms may call for specific, etiology-based treatment.
direct thrombin inhibitor dabigatran was also shown to be effective for prevention of stroke due to atrial fibrillation [2] . However, the role of anticoagulation in the early management of patients with cardioembolic stroke is much less clear. In trials involving a conglomerate of stroke mechanisms, anticoagulation has been repeatedly shown to have no net benefit, although there is a modest reduction in the risk of recurrent ischemic stroke in the short term that is completely offset by an increased risk of symptomatic hemorrhagic stroke [3] (Fig. 1a and b) . Nevertheless, cardioembolism has been considered a special case where the benefit may outweigh the risks.
Early reports from the Cerebral Embolism Study Group suggested a possible benefit to acute anticoagulation in patients with cardioembolic stroke [4] . This small trial involved 45 patients who were randomized within 48 hours of the onset of cardioembolic ischemic stroke to either doseadjusted intravenous heparin (partial thromblastin time, 1.5-2.5 times baseline) or a placebo for 10 days. None of the 24 patients randomized to heparin had recurrent events, whereas 2 of the 21 patients in the placebo group experienced recurrent embolization and 2 developed delayed hemorrhagic infarction. This study is limited by the extremely small sample size and the avoidance of all anti-thrombotic therapy (i.e., aspirin and low-dose subcutaneous heparin) in the placebo group. However, many authors have recommended the use of intravenous heparin in patients with cardioembolic stroke based on these very limited data.
The Heparin in Acute Embolic Stroke Trial (HAEST) was unique among heparin trials because a singular stroke mechanism was evaluated. This trial randomized 449 patients with acute ischemic stroke and known atrial fibrillation to either the low molecular weight dalteparin or aspirin within 30 hours of stroke onset [5] . During the initial 2 weeks following randomization, recurrent ischemic stroke occurred in 8.5% of the dalteparin group and 7.5% of the aspirin group (odds ratio, 1.13; 95% confidence interval 0.57-2.24). The proportions of patients with cerebral hemorrhage, stroke progression, and death was similar in both groups. No significant difference in functional outcomes or death was seen at 2 weeks or 3 months after enrollment.
Other trials addressed early heparin treatment in broader stroke populations, but analysis of the cardioembolic subgroup was possible. The International Stroke Trial (IST) was a major multicenter, randomized trial to evaluate heparin in acute ischemic stroke [3] . This study enrolled 19,435 patients within 48 hours of stroke onset and notably included a substantial number of subjects with atrial fibrillation. Patients received either 12,500 units subcutaneous heparin twice daily, 5000 units twice daily, or were assigned to "avoid heparin" for a course of 14 days or until hospital discharge, if sooner. This trial was performed simultaneously with a factorial analysis of acute aspirin therapy, so half the patients also received aspirin. Among the 3169 patients with known atrial fibrillation, the risk of recurrent ischemic stroke at 14 days in the patients given either dose of heparin was significantly reduced compared to no heparin (2.8% vs 4.9%), but the rate of hemorrhagic stroke was increased (2.1% vs 0.4%), yielding no significant net reduction in overall recurrent stroke (4.9% vs 5.3%). In contrast, aspirin in this population was associated with lower risks of recurrent ischemic stroke (3.3 vs 4.5%) without a substantial increase in hemorrhage (1.4% vs 1.1%), resulting in a modest net benefit (4.6% vs 5.6%) compared to no aspirin. Similarly, analysis of the 266 patients in the subgroup with cardioembolic stroke in the Trial of ORG-10172 in the Acute Stroke Trial showed no benefit to treatment with the heparinoid (danaparoid) [1] . In the Tinzaparin in Acute Ischemic Stroke Trial (TAIST), 368 subjects were classified as having cardioembolic strokes, and functional outcomes after treatment with another lowmolecular-weight heparin tinzaparin vs aspirin were not different, although the point estimates favored aspirin [6] .
In sum, the existing data supports aspirin anti-platelet therapy in comparison with acute anticoagulation with heparin for the vast majority of patients with acute cardioembolic stroke. There may be rare instances for which anticoagulation may be reasonable, such as patients with extremely high-risk cardioembolic source (e.g., left ventricular thrombus) who have recurrent strokes despite anti-platelet therapy. Furthermore, a prominent lingering uncertainty is the appropriate timing to begin anticoagulation for long-term secondary prevention after early anti-platelet therapy. This seems to be at least partly related to the size of the infarction, and we recommend waiting at least 48 hours for small infarcts, approximately 3 to 7 days for moderate infarcts, and 7 to 14 days for large infarcts or those with early minor hemorrhagic conversion while on anti-platelet therapy, although this approach has not been formally tested.
Large Artery Atherothromboembolism
Atherosclerotic stenosis or occlusion of a major cervicocerebral artery is likely the leading cause of stroke worldwide, and carotid artery disease in particular has been well-studied with respect to treatments for secondary stroke prevention [7] . Medical therapy for secondary prevention of stroke consists of anti-platelet therapy and atherosclerotic risk factor modification, although few studies have specifically addressed acute therapy. For ischemic stroke in general, aspirin 160 to 300 mg/day started within 48 hours of the ischemic stroke is of small significance, but it is still significantly beneficial and should be administered early to the majority of ischemic stroke patients; this is typically applied to the subgroup with large artery disease [3, 8] . The patient allergic to aspirin may be reasonably acutely treated with clopidogrel, given as a loading dose of 300 mg, followed by 75 mg daily, based on extrapolation from trials involving acute coronary syndromes, although the safety and efficacy in acute stroke remain uncertain [9] . There are limited data to suggest that acute combination anti-platelet therapy is beneficial after a transient ischemic attack (TIA) or minor stroke, and further investigations are ongoing [10] .
Early anticoagulation has been considered for acute ischemic stroke due to large artery disease, but the weight of the evidence does not support this practice, although this may be an issue of patient identification and selection. The Fraxaparine in Ischemic Stroke Study (FISS) series of studies appears to be particularly relevant to large artery disease, as they included Asian populations with a high prevalence of intracranial atherosclerosis. The first FISS Trial randomized 312 patients to 1 of 3 treatments, all given subcutaneously: high-dose nadroparin, low-dose nadroparin, or placebo [11] . Patients were enrolled within 48 hours of symptom onset and received study medication for 10 days. A significant reduction in the percentage of patients dead or dependent at 6 months was found with nadroparin compared to a placebo (45% dead or dependent in high-dose nadroparin group, 52% in low-dose nadroparin group, and 65% in the placebo group; p=0.005 for trend). FISS-bis was the follow-up study to FISS and was designed to confirm the efficacy of nadroparin in a larger sample size [12] . There were 727 patients who were randomized to begin treatment (similar to the treatment for the FISS studies) within 24 hours. There was no significant difference in the number of patients dead or disabled between the 3 groups. Nadroparin was associated with a lower incidence of pulmonary emboli, but a higher frequency of hemorrhage, including intracranial hemorrhage (symptomatic intracerebral hemorrhage (ICH) rate 2.8% placebo; 3.7% low-dose nadroparin; 6.1% high-dose nadroparin). FISS-tris aimed to demonstrate a benefit of nadroparin in acute stroke patients with large artery occlusive disease [13] . There were 353 patients who had demonstrable large artery disease (evidenced by carotid duplex scan, magnetic resonance angiography, or transcranial Doppler imaging) and were randomly assigned to receive either nadroparin or aspirin (160 mg daily) for 10 days. All patients then received aspirin (80 to 300 mg daily) for 6 months. The proportion of patients with good outcomes at 6 months (Barthel index ≥ 85) was 73% in the low molecular weight heparin (LMWH) group and 69% in the aspirin group (absolute risk reduction, 4%; 95% confidence interval −5-13), with similar rates of hemorrhagic transformation of infarcts and severe adverse events in both groups. The results do not show a significant benefit to the use of low molecular weight heparin in comparison to aspirin in patients with large artery occlusions.
Other trials addressed acute anticoagulation of large artery disease as a subgroup of a broader trial population. The Trial of ORG-10172 (danaparoid) in Acute Stroke Treatment (TOAST) randomized 1281 patients to treatment with doseadjusted intravenous danaparoid or placebo within 24 hours of onset [1] . There was no difference in favorable outcomes at 3 months in the overall population (75.2% danaparoid vs 73.7% placebo; p=0.49). However, post hoc analysis based on stroke subtype suggested a possible benefit in patients with large vessel stenosis (68.3% danaparoid vs 53.2% placebo; p=0.02). Hemorrhagic complications were more common in the danaparoid-treated group, including symptomatic intracerebral hemorrhage (2.3% danaparoid; 0.8% placebo; p=0.05). In the Tinzaparin in Acute Ischemic Stroke Trial (TAIST), which randomized 1486 patients to high-dose tinzaparin, medium-dose tinzaparin, or aspirin within 48 hours of stroke onset, outcome measures were similar at 6 months in all 3 treatment groups: 1) mortality, 2) disability, and 3) measures of neurologic deterioration [6] . Subgroup analysis of stroke subtype (including large vessel atherosclerosis), anterior vs posterior circulation events and treatment within or after 24 hours did not reveal a significant benefit to tinzaparin use for any specific stroke mechanism. The International Stroke Trial (IST) did not specifically evaluate the subgroup with larger artery atherosclerosis, but found no benefit to heparin in a broad stroke population in terms of death or nonfatal recurrent stroke at 14 days (11.7% heparin vs 12.0% avoid heparin), and no difference in number dead or dependent at 6 months (62.9% for both groups) [3] . Treatment with heparin resulted in a 9 per 1000 excess of transfused or fatal extracranial bleeding.
Overall, these studies do not show a favorable benefit-to-risk ratio for anticoagulation as an acute treatment of stroke due to large artery atherosclerosis. The vast majority of subjects should be treated with anti-platelet therapy. However, there is speculation that it could be useful in a select minority of subjects, and future research may be able to identify such patients.
Acute revascularization interventions for large artery stenosis or occlusion include carotid endarectomy (CEA), angioplasty and carotid artery stenting, and intracranial angioplasty and stenting. Early revascularization is believed to improve symptoms of the acute stroke, prevent worsening, and reduce long-term recurrent stroke risk. However, there are very sparse data supporting this concept. The timing of CEA has been the subject of debate, traditionally in favor of delaying surgery for 2 to 4 weeks after stroke, although most recent data support the efficacy of early (i.e, within 2 weeks) CEA for symptomatic carotid artery stenosis after an ischemic stroke or TIA [14] [15] [16] . Very early revascularization within the first 24 to 48 hours after onset is often considered after TIA (particularly crescendo TIA) or very minor stroke, but there are very limited data supporting acute revascularization in such patients [17] . Moreover, acute revascularization poses a risk of hyperperfusion syndrome, including edema and hemorrhagic transformation for larger strokes [18] . Furthermore, many patients with more severe strokes may be too unstable for major vascular surgery.
Endovascular therapy is an evolving technique for the treatment of symptomatic, acute carotid artery occlusions, and an increasing number of interventions are being performed [19] [20] [21] . Jovin et al. [22] published a cohort of 25 patients who underwent carotid artery stenting for acute carotid occlusions. Stenting was technically successful in 23 of these patients, and 15 of these patients were revascularized within 6 hours of acute stroke presentation, with the remainder of 8 being stented at a mean of 30 hours (range, 7-120 hours). Of these patients, 10 (43%) showed an improvement in their NIHSS > 4 at 24 hours. There were no hyperperfusion-related complications noted in this case series. This study does not provide evidence that acute carotid endovascular therapy is clinically beneficial, but it does suggest relative safety. However, larger clinical trials are needed to further assess the safety and benefit of acute carotid revascularization.
Low systemic blood pressure has been associated with worse outcomes in acute ischemic stroke. Typically, a conservative approach is used to achieve "permissive hypertension," allowing the blood pressure to remain relatively high to maximize cerebral blood flow during a period of presumed impaired autoregulation. This approach includes the use of intravenous fluids for volume repletion, cessation of antihypertensive therapy, and keeping the head of the patient's bed flat for a period of time [23] . If a patient had fluctuating neurological symptoms (especially if correlated with relatively hypotensive episodes), then induced hypertension may be considered. This may be particularly important in the presence of a large artery stenosis. Pharmacologically induced hypertension theoretically should increase cerebral blood flow to both normal brain parenchyma and the ischemic penumbra. Mistri et al. [24] published a review of induced hypertension, which included 12 studies and 319 patients. The most common pressor agent used was phenylephrine, and adverse events were not consistently reported in any of the studies reviewed. Induced hypertension appears to be well-tolerated, but larger clinical trials are needed to further elucidate its safety and clinical benefit.
Small Artery Occlusive Disease
Prolonged vascular injury from hypertension, diabetes mellitus, smoking, obesity, and hypercholesterolemia cause lipohyalinosis and arteriosclerosis in small intracranial artery branches. This may lead to eventual small vessel occlusion and cerebral infarction. Acute aspirin therapy has been shown to be of small, but significant benefit in preventing recurrent stroke, as demonstrated in the International Stroke Trial (IST) and Chinese Acute Stroke Trial (CAST). Combination anti-platelet therapy may play a beneficial role in minor strokes, as studied in the Fast Assessment of Stroke and Transient Ischemic Attack to Prevent Early Recurrence (FASTER) Trial [10] . Although many strokes, due to small-vessel disease, are associated with low-stroke severity scores, and are therefore minor, this combination approach has not been studied specifically in patients with small artery disease, so the results of FASTER may or may not be applicable. The FASTER trail randomized 392 patients with TIA or minor stroke to clopidogrel (300 mg loading dose, then 75 mg daily) or placebo, and simvastatin (40 mg daily) or placebo. All patients were also given aspirin (162 mg loading dose then 81 mg daily). There were 14 patients (7.1%) on clopidogrel who had a stroke within 90 days compared with 21 patients (10.8%) on placebo (risk ratio, 0.7 [95% confidence interval, 0.3-1.2]; absolute risk reduction −3.8% [95% CI, -9.4 to 1.9]; p=0.19). There were 21 patients (10.6%) on simvastatin had a stroke within 90 days compared with 14 patients (7.3%) on placebo (risk ratio, 1.3 [0.7-2.4]; absolute risk increase 3.3% [−2.3 to 8.9]; p=0.25). The interaction between clopidogrel and simvastatin was not significant (p=0.64). Two patients on clopidogrel had intracranial hemorrhage compared with none on placebo (absolute risk increase, 1.0% [−0.4-2.4]; p=0.5). There was no difference between groups for the simvastatin safety outcomes. The trial was stopped early due to the failure to meet pre-specified enrollment rates. These data suggest that the increased stroke risk after a TIA or minor stroke may be reduced by early initiation of combination anti-platelet therapy, although confirmation of these findings is needed. Early administration of statins does not appear to improve the outlook for TIA or minor stroke.
Other Determined Causes of Stroke
The less common or atypical "other determined mechanisms" of stroke are a myriad, but are not frequently encountered in clinical practice. Suspicion must be maintained and these causes must be properly and promptly diagnosed, as they have distinct treatments from the more common causes previously described. A discussion of all of these causes is well beyond the scope of this review, but we focus on those with implications for early treatment.
Arterial Dissection
Dissection of the internal carotid and vertebral arteries may be caused by underlying connective tissue disease or trauma, or they may occur spontaneously, and they may cause ischemic strokes as a result of thromboembolism or hemodynamic impairment. (Figure 2 ). Thrombolysis theoretically presents a risk of bleeding within the torn arterial wall, but there is no evidence to support this conjecture [25, 26] . Therefore, standard approaches to thrombolytic therapy in the hyperacute setting should be considered.
Early prevention of stroke in arterial dissection has been the subject of much debate. As the most common cause of stroke from dissection is thromboembolism, and because the risk of stroke seems to be greatest in the first day after the onset of the vascular injury, early anticoagulation has long been considered the first-line treatment [27] [28] [29] [30] [31] . However, only observational data exist and they are conflicting.
Lyrer and Engelter [32] reported a Cochrane systematic review of 327 patients with carotid dissection in 26 studies, all of which were case series. There was no statistically significant difference in death or disability between antiplatelet and anticoagulant therapy (23.7% anti-platelet vs 14.3% anticoagulant; odds ratio, 1.94; 95% confidence interval, 0.76 to 4.91). Recurrent stroke was observed in 1.7% with anticoagulation, 3.8% with anti-platelet therapy, and 3.3% with no therapy. Menon et al. [33] [33] . Subsequently, three large cohort studies examined the risk of stroke associated with dissection, yielding disparate results. Touze et al. [34] showed an annual stroke incidence to be only 0.3% in a historical cohort of 459 patients with carotid and vertebral dissections, but included both symptomatic and asymptomatic dissections. Similarly, in a prospective cohort of 298 patients, Georgiadis et al. [35] found a very a low overall risk of stroke (0.3% within 3 months) with extracranial carotid dissections, regardless of treatment with aspirin or anticoagulation. However, recurrent TIAs and retinal ischemic events may have been less frequent in patients treated with anticoagulation compared with those treated with aspirin. Recurrent ischemic events of all types were more common in patients who presented with initial ischemic symptoms compared with those who only had local symptoms. A potential limitation of this study was the initial exclusion of 8 patients who received early revascularization therapies. On the other hand, in a prospective cohort of 250 patients, all of whom presented with a clinical neurovascular event, Weimar et al. [36] found the risk to be as high as 5.2% during hospitalization and 10.7% within the first year. The conflicting data from these studies underscores the controversy regarding both the prognosis and treatment of dissection. The growing body of evidence hinders the recommendation of anticoagulation as the mainstay of early treatment. The American Heart Association and American Stroke Association guidelines note that early anticoagulation does not lower the risk of early recurrent stroke or early neurologic worsening, and that the efficacy of urgent anticoagulation is not established for treatment of patients with arterial dissdections [37] .
Hemodynamic compromise is the other, more uncommon, cause of ischemic stroke from dissection, and revascularization procedures have been performed in patients with symptomatic stenosis as a result of dissection. In these select cases, angioplasty and/or stenting can be used to exclude a false lumen, relieve hemodynamically significant stenosis, and restore the true lumen to a more normal size, thereby increasing flow [38, 39] . In a small cohort of 26 patients undergoing carotid angioplasty and stenting for cervical carotid artery dissection, endovascular interventions were found to be effective in reducing stenosis and had low rates of ischemic complications [40] .
Reversible Cerebral Vasoconstriction Syndrome
Reversible cerebral vasoconstriction syndromes (also known as Call-Fleming syndrome, benign angiopathy of the CNS, and other names) is manifested by dysregulation of cerebral vascular tone, leading to vasoconstriction of medium and large intracranial arteries [41] (Fig. 3) . Clinical symptoms include a thunderclap headache, ischemic stroke, subarachnoid headache, or intracerebral hemorrhage. Postulated causes include vasoactive drugs, neurosurgical procedures, postpartuminduced hypercalcemia, and porphyria [41] . Some cases may recover spontaneously [42] . Optimal treatment has not been clearly established; however, agents used have included calcium channel blockers to treat vasospasm (particularly nimodipine and verapamil), magnesium (in the postpartum period) and high-dose steroids [42] [43] [44] [45] [46] . Patients should have follow-up vascular imaging to determine the evolution of their vasoconstriction.
Isolated Angiitis of the Central Nervous System
Isolated angiitis of the central nervous system is an inflammatory vasculopathy that affects only the brain and spinal cord. Patients may develop headaches, seizures, stroke, and encephalopathy, usually with a progressive course. Isolated angiitis is commonly diagnosed by angiographic demonstration of segmental narrowing of small and/or medium-sized vessels and evidence of inflammation in cerebrospinal fluid. Patients do not display systemic manifestations of vasculitis, and as such, systemic markers of inflammation (e.g., erythrocyte sedimentation rate [ESR]) may be normal. The mainstay of treatment is immunosuppression and combination therapy with prednisone and cyclophosphamide has been shown to have a benefit [47, 48] .
In patients with large artery vasculitis causing hemodynamic compromise, angioplasty and stenting have been rarely attempted. However, results may be poor, with a high rate of re-occlusion after initially successful treatment [48] .
Temporal (Giant Cell) Arteritis
Temporal arteritis is a systemic inflammatory vasculopathy affecting an older age group, usually >50 [49] . Patients may present with headache, temporal artery tenderness, jaw claudication during chewing or speaking, polymyalgia rheumatic, and ischemic stroke, and the ESR is typically elevated. If temporal arteritis is suspected, a temporal artery biopsy should be performed. Immunosuppression can be achieved by the use of steroids and should be initiated early if there is a strong suspicion of temporal arteritis. Steroids can be administered for as many as 10 to 14 days before a temporal artery biopsy, without affecting the biopsy results [49] . Oral prednisone has been the mainstay of treatment and the use of intravenous steroids has conflicting data to support the use, but it may be reasonable in severe cases [50] [51] [52] . The goal of maintenance prednisone therapy is to prevent recurrent ischemic events and the patient's clinical response, and the ESR and C-reactive protein should be followed.
Sickle Cell Disease
Strokes occur in 10 to 20% of patients with sickle cell disease and rarely in those with sickle cell trait [53, 54] . Sickle cell disease causes both a progressive nonatherosclerotic vasculopathy, as well as an increase in blood viscosity, which may lead to direct vascular occlusion and cause subsequent ischemia and infarction [55, 56] . Apart from generic supportive measures, the mainstay of prevention and treatment of acute stroke in sickle cell patients is transfusion (both simple and exchange) with a goal to reduce hemoglobin S to < 30% [57] . The Stroke Prevention Trial in sickle cell anemia (STOP) was a randomized clinical trial that tested whether long-term transfusion therapy could reduce the risk of stroke [58] . The trial enrolled 130 children with the disease who were identified as high risk, namely if transcranial Doppler ultrasonography revealed velocities exceeding 200 cm/s in the intracranial internal carotid artery or the middle cerebral artery. Transfusions were performed to maintain the hemoglobin S concentration less than 30% of the total hemoglobin. Only 1 of 63 children treated with transfusion therapy developed a stroke compared to 11 of 67 who received standard care (p<0.001). This demonstrated a 92% reduction in the risk of stroke and this vast benefit led to premature termination of the trial. In the setting of acute ischemic stroke due to sickle cell disease, transfusion is strongly recommended as the first-line therapy based on extrapolation from the previously mentioned data regarding prevention and its established use in other forms of sickle cell crisis.
Cerebral Venous Thrombosis
Cerebral venous thrombosis (CVT) is an uncommon cause of stroke, which often presents with atypical symptoms. However, early recognition is critical, as it requires specific treatment. Common causes are pregnancy and the puerperium, infection of the head and neck (mostly seen in children), severe dehydration, hypercoaguable states (including from the use of oral contraceptives), malignancy, myeloproliferative disorders and inflammatory bowel disease [59, 60] . If an underlying cause is identified, it must be treated to maximally prevent recurrent events. Patients may present with headache, seizures, visual abnormalities, and ischemic strokes. Strokes may be demonstrated on magnetic resonance imaging and are in a venous pattern (i.e., they do not follow any certain arterial distribution). Severe cases can lead to cerebral edema and increased intracranial pressure.
Anticoagulation has long been the mainstay of treatment and is believed to prevent thrombus propagation and venous infarctions. However, venous infarcts are particularly susceptible to hemorrhagic conversion, and there has been concern that anticoagulation use may increase this bleeding risk. Einhaupl et al. [61] performed a randomized controlled trial on patients with CVT. Patients were randomly assigned to receive either intravenous heparin (adjusted to a partial thromboplastin time of 80-100 s) vs placebo saline infusion. Although the plan was to study 60 patients, the study was halted prematurely after only 20 patients because of the dramatic and statistically significant benefit of heparin at 3 months (80% of the heparin-treated patients vs 10% of the placebo group had complete recovery and 20% of the heparin-treated group had slight residual deficits compared to 60% of the placebo group: p<0.01). Moreover, the benefit of heparin was demonstrable after only 3 days of treatment. Einhaupl et al. [61] also performed a retrospective analysis to evaluate the role of heparin in CVT with hemorrhagic venous infarction, and found that of 43 patients, the mortality was 15% among the patients treated with heparin and 69% among those not treated with heparin. A clinical trial of nadroparin was performed in 60 patients with CVT and demonstrated a nonsignificant reduction in poor outcomes: 13% of the treated group and 21% in the placebo group, without an increase in new symptomatic intracerebral hemorrhages in the nadroparin group [62] . As a result of these trials (in spite of the small sample size), acute anticoagulation is recommended for the majority of patients with CVT, even in the presence of hemorrhagic infarction. The International Study on Cerebral Vein and Dural Sinus Thrombosis (ISCVT) was a multicenter, prospective, observational study, and more than 80% of patients were treated with acute anticoagulation in clinical practice [63] .
Thrombolysis of a CVT may be achieved by local infusion of urokinase or tPA into dural sinus thrombosis or through a combination of pharmacologic and mechanical means ( Fig. 4a and b) . The AngioJet catheter is a rheolytic thrombectomy catheter, which works by creating a vacuum to fragment and suction the thrombus through the catheter. The Merci clot retrieval device and/or the Penumbra device has also been reported to have achieved successful thrombectomy [64] . There have been no randomized controlled trials to support the use of mechanical catheters in this entity, but case series have been reported [65, 66] . In 
